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124 C. BECCHI AND G. MORPURGO 
(Flammarion, Paris, 1971), p. 123. 
6L. L. Van Zandt, Appl. Phys. Letters 17, 345 (1970). 
7Summing Eq. (1) over all the final states, one gets 
'L jj (I IRj (w)Rj(w) I I); the structure of formula (7) of Van Zandt 
(Ref. 2) is instead, in the present notation, ~iJ [(II Rj(w) II) 
x (II Rj(w) I 1)1, which is of course different. The reason for the 
difference lies in the fact that Van Zandt has treated the elec-
tric field due to an electron as a c number instead of as an 
operator. 
Bphys. Today 24, 17 (1971). Compare also the recent answer 
by H. Schwarz [Appl. Phys. Letters 20, 148 (1972)] to the re-
marks on the intensity of the electron beam contained in a 
letter by L. Pfeiffer, D. Rousseau, and A. R. Hutson, Appl. 
Phys. Letters 20, 147 (1972). 
Effect of uniaxial pressure on the threshold current of 
double-heterostructure GaAs lasers* 
J.E. Ripper, Navin B. Patel, and P. Brosson 
Instituto de Fisica "Gleb Wa tagh in " da Universidade Estadual de Campinas, Campinas, S.P., Brasil 
(Received 5 May 1972) 
On application of uniaxial pressure perpendicular to the junction, the threshold current of 
GaAs double-heterostructure injection lasers at room temperature is observed to increase 
to a certain critical pressure Po, and then decrease with further increase in pressure. A 
flip of the polarization of laser light occurs at Po. This behavior can be explained using a 
model previously proposed to explain the reduction in threshold of homo structure GaAs 
lasers upon application of uniaxial pressure. 
The behavior at room temperature of the threshold cur-
rent and the polarization of the stimulated light output of 
GaAs-Ga,.All_xAs double-heterostructure (DH) stripe-
geometryl-5 injection lasers under the effect of uniaxial 
pressure applied perpendicular to the junction was in-
vestigated. These lasers are much better suited than 
the conventional homostructure lasers for a study of the 
effects of uniaxial pressure because of the more uniform 
doping profile and injected carrier distribution found in 
them. 
The lasers were placed between two polished and metal-
lized diamond spacers which provided electrical and 
thermal contact (Fig. 1). The flat parallel faces of these 
diamond spacers ensured that the applied uniaxial pres-
sure would be uniform. This whole assembly was 
pressed down on a flat metal plate by means of a plunger 
which was connected to a bellows. Controlled pressure 
was applied to the laser by introducing compressed 
nitrogen gas at a known pressure (measured by a 
mercury column) into the bellows. Knowledge of the 
ratio of the areas of the laser and the bellows enabled 
one to calculate the actual pressure on the laser at a 
given pressure in the bellows. To minimize heating 
effects, 100-nsec current pulses at a repetition rate of 
about 500/sec were applied to the laser. The resulting 
light output was collected with a lens, analyzed with a 
polarizer, and detected with a photomultiplier, which 
was used to determine the threshold current. 
The typical behavior of the threshold current of DH 
lasers with increasing uniaxial pressure applied to them 
is shown in Fig. 2. First, the threshold increases 
linearly with pressure up to a certain critical pressure 
Po and then starts decreasing linearly with increasing 
pressure until damage occurs to the diode and the be-
havior is no longer linear. After the application of 
smaller pressure, at which the diode had not yet been 
damaged, the lasing thresholds returned to their origi-
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nal values on the removal of the pressure. For pres-
sures up to Po, starting from zero pressure, the laser 
light is polarized parallel to the junction, consistent 
with the observed behavior of all DH lasers until now. 
At Po a polarization flip occurs, and the polarization is 
now perpendicular to the junction for higher pressures. 
The polarization flip can be abrupt, as in the case of 
the laser illustrated in Fig. 2, or smooth with a region 
of pressure values in which modes of both polarizations 
coexist. The value of Po varies from laser to laser, 
from a few tens to a few hundreds of atmospheres. In 
general, the wider the active region of the laser is, the 
greater is the value of Po. 
In order to explain this behavior, we can use a model 
first proposed by Miller et al. 6 to explain the decrease 
in threshold of homostructure lasers with uniaxial 
pressure and the fact that modes polarized parallel to 
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FIG. 1. Experimental arrangement for observation of the 
behavior of threshold current on the application of uniaxial 
pressure. 
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FIG. 2. Dependence of threshold current of a DH GaAs laser 
upon uniaxial pressure being applied perpendicular to the 
junction. 
the junction have higher mirror reflectivity and con-
sequently lower losses as compared to modes polarized 
perpendicular to the junction. 7 In DH lasers (with natu-
ral cleaved faces) the leakage loss at the mirrors de-
termines which mode among those supported by the 
cavity the laser operates in. As a consequence, DH 
lasers tend to operate, with zero uniaxial pressure, in 
the highest-order mode polarized parallel to the junction 
allowed by the width of the active cavity, since this has 
the lowest losses. 
As shown by Miller et aI., 6 the effect of uniaxial pres-
sure is to transform the cubic symmetry of GaAs into 
tetragonal, thus lifting the double degeneracy (not 
counting spin) of the valence band. This has the effect 
of increasing the momentum matrix element between the 
conduction band and/or nearby states to the valence 
band and/or nearby states in a direction parallel to the 
pressure, and of decreasing the momentum matrix ele-
ment perpendicular to the pressure direction. This 
causes an increase in the gain of modes polarized 
parallel to the pressure direction and a decrease in the 
gain of the modes polarized perpendicular to it. In the 
case where the uniaxial pressure is perpendicular to the 
junction, as in ours, application of pressure increases 
the gain of the modes polarized perpendicular to the 
junction and decreases the gain of the modes polarized 
parallel to the junction. Since at zero pressure the 
laser is operating in a mode polarized parallel to the 
junction, the effect of the pressure is to decrease its 
gain and thus increase the threshold current. This in-
crease of threshold with pressure continues till a pres-
sure Po is reached when the gain difference between 
modes polarized perpendicular and parallel to the junc-
tion is just sufficient to overcome the mirror loss 
difference. The laser then changes modes and begins to 
operate in a mode polarized perpendicular to the junc-
tion, and since the gain of this mode increases with 
pressure, the threshold current decreases with further 
increase in pressure. 
The behavior of DH lasers contrasts with that of homo-
structure lasers previously reported, 6,8 because the 
latter do not have a polarization strongly preferred at 
zero pressure, and so for them the threshold current 
decreased with pressure for any pressure (Po"" 0). 
A possible application of the effect reported here is in 
mode control of DH lasers. This can be possible be-
cause the mode polarized parallel to the junction with 
the highest net gain is in general a high-order mode, 
while for the other polarization the highest net gain 
mode is the zeroth-order mode. 7 Since the latter is 
preferred for many applications, it can be favored by 
operating the laser under a uniaxial pressure above Po. 
A more detailed study of the mode structure under 
pressure is presently under way. 
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